SUMMARY: The distribution of decapod crustaceans in the southernmost areas of South America and the Antarctic is assessed considering the Magellan Biogeographic Province instead of the antiboreal region. Possible associations between decapod crustaceans from the Magellan Biogeographic Province and those from the Antarctic region are analysed. Species records were assigned to seven geographic regions that were clustered using multivariate analyses based on species presence/absence and Bray-Curtis similarity. The results showed two well-established clusters, one of which included the Pacific and Atlantic areas of the Magellan Province, the southern tip of South America and the Kerguelen Arc islands, with the highest similarity between the southern tip and the Atlantic area. Another cluster was well separated and included the Antarctic and South Georgia with the highest similarity index. Earlier studies and results obtained here suggest that the faunas of southern Chile and southern Argentina are biogeographically related. There is a low level of association among decapod species from the circum-Antarctic region and the Magellan Province.
INTRODUCTION
Our knowledge on the distribution of decapod crustaceans from the Southern Ocean and Subantarctic areas has increased considerably in the past years, and some studies have been concentrating on faunal connections of the Magellan and Antarctic decapod fauna (Arntz et al., 1999; Gorny, 1999; Thatje and Arntz, 2004) .
A common feature of previous studies is that the SCI. MAR., SCIENTIA MARINA
THE MAGELLAN-ANTARCTIC CONNECTION: LINKS AND FRONTIERS AT HIGH SOUTHERN LATITUDES.
W.E. ARNTZ, G.A. LOVRICH and S. THATJE (eds.) Magellan region is referred to as the South American antiboreal region, between the Subtropical and the Antarctic Convergence (Ekman, 1953) . Holthuis (1952) identified Chiloé Island in the Pacific Ocean as the northern boundary of the South American antiboreal region. In the Atlantic, the Río de La Plata was the limit considered in other studies. Zarenkov (1968) recognised the Antarctic Convergence as the limit of the Antarctic decapod fauna. Boschi (1979b) proposed using the term "South American Notal" for the southern hemisphere instead of "antiboreal", and recognised that the fauna from southern Chile and southern Argentina are related (Boschi, 2000a) . The distribution and biodiversity of decapods on the continental shelves of North and South America were divided into sixteen biogeographic provinces by Boschi (2000a, b) , who defined a province as "part of the neritic zone with a relatively narrow range of temperatures where the fauna shows certain homogeneity". It should be mentioned that species can be present in more than one province. The Maguellan Biogeographic Province extends from northern Chiloé Island on the Eastern Pacific Ocean south to the Maguellan and Tierra del Fuego region through Cape Horn, and reaches the coastal area of the southwestern Atlantic Ocean off the Patagonian region. It includes the Islas Malvinas/Falkland Islands, and ends north at the Península Valdés (Boschi, 2000a, b) . The Province extends off the continent at 43°-44°S stretching north to reach 35°S at a distance of 100-150 km from the coast and 60-200 m water depth. In the southwestern Atlantic, the Argentinean Biogeographic Province includes the coastal waters off Patagonia from 43-44°S to 23°S (see Boschi, 2000a) . Between 43-44°S and 35°S, both provinces occupy the same latitudinal range (see Boschi, 2000a, b; Fig. 1) .
The determination of regions in the oceans (Ekman, 1953) and provinces on the continental shelves (Boschi, 2000a) follow oceanographic characteristics, temperature being one of the main determinants in the distribution of crustaceans. However, the distribution of the circum-Antarctic decapod fauna studied by other authors also considered ecological features such as productivity and habitat (Gorny, 1999) , and most recently ecological and physiological limits in crustaceans (for a review see Thatje and Arntz, 2004) . In studies in which the boundaries of the South American antiboreal region were considered, a number of species were placed in different biogeographic provinces such as the Magellan or the Argentinean. Boschi (2000a) concluded that at that time the number of species present in the Magellan Province was 79, of which 19 were endemic. Since then, new records have been published (Thatje, 2000 , 2003 , Thatje and Gerdes, 2000 .
The aim of this study is to determine whether there is a biogeographic association between decapod crustaceans from the Magellan Biogeographic Province and those from the Antarctic region, and to compare our results with those of previous studies in which species with circum-Antarctic distribution were also considered.
MATERIAL AND METHODS
The database utilised here includes species from the Magellan Province compiled by Boschi (2000a) , and those with circum-Antarctic distribution and new species updated from the literature (Arntz and Gorny, 1991; Arntz et al., 1999; Boschi et al., 1992; Retamal, 2000; Zarenkov, 1968; Gorny, 1999; Kirkwood, 1984; Macpherson, 1988; Thatje and Gerdes, 2000; Thatje, 2000 Thatje, , 2003 Yaldwyn, 1965) . The Magellan Province includes species present on both coasts, only in the Pacific or only in the Atlantic. In biogeographic terms, the southernmost boundary reaches Cape Horn, and therefore, species present north of 55°S belong to the Magellan Province.
Considering the limits of the Magellan Biogeographic Province and species distribution, for this study we assigned species to the following geographic areas: The geographic regions were clustered using PRIMER 5.2 multivariate cluster analysis based on species presence/absence. The Bray-Curtis similarity index was used. South American deep-sea species contained in the species list were not included in the analysis.
RESULTS
In the Magellan Province (Atlantic and Pacific sides, southern tip and deep species), there is a much Thatje, 2003 higher number of species than those currently recognised for the Antarctic. The Anomura (22 species), Brachyura (37 species) and Caridea (19 species) are well represented in the Magellan Province (Table 1) , whereas the only taxa present in the Antarctic, the Caridea (10 species incl. SG) and Anomura Lithodidae (3 species incl. SG), are low in species numbers. The total number of species cited for the whole study area is 95. In the Magellan Province, 16 species were present only in the Atlantic and 33 only in the Pacific, with 32 present in both oceans (Table 1) .
At the southern tip, 32 non-endemic species were recorded that are also present either in the Atlantic or the Pacific area of the Magellan Province north of 55°S (Table 1) The dendrogram shows two clusters (A and B) (Fig. 2) . Cluster A involves the Pacific and Atlantic areas of the Magellan Province and the southern tip, with the highest similarity index between the southern tip and the Atlantic area. The islands of the Kerguelen Arc are mostly associated with the South American fauna. Cluster B includes the Antarctic and South Georgia, with a high similarity index (Table 2) .
DISCUSSION
The biogeography of crustacean decapods from the Magellan Province and the Antarctic follows different patterns. The distribution of thirteen species overlaps in the Magellan Province and the circumAntarctic area (Table 1) . Ten species out of 95 recorded for the study are present in the Antarctic, only five of them also being found in waters off South Georgia, and two of them (Chorismus (Table 1) . Halicarcinus planatus is the only brachyuran crab present in the Magellan Province; it has a range that extends to the Kerguelen Arc and the genus is of circum-Antarctic distribution (Gorny, 1999) . However, H. planatus has never been recorded at South Georgia (Gorny, 1999) , and its presence in the South Orkney Islands, as reported by other authors, is uncertain due to probably mislabelled material (Thatje and Arntz, 2004) . The decapod fauna along the Pacific and Atlantic ocean coasts of the Magellan Province is similar. In terms of species number it is the largest group compared to the Antarctic and circum-Antarctic areas. The numbers presented here are slightly higher than those reported by Boschi (2000a) , due to the updated information included in Table 1 . Despite the high degree of similarity, the cluster analysis separates the Pacific area from the Atlantic and the southern tip of South America (Fig. 2) . Gorny (1999) studied the biogeography and ecology of the Southern Ocean decapod crustaceans and concluded that brachyurans should be included in the Antarctic decapod fauna. Our results and conclusions differ from those obtained by Gorny in two aspects: 1) concerning the biogeographic regions considered, and 2) with regard to the database used in the analysis. As in this study we considered the limits of the Magellan Biogeographic Province, which are different from those of the Magellan region, the species arrangement changed. For example, Chaceon notialis was included in the antiboreal and temperate regions of Argentina (Gorny, 1999) although it is only present in the Magellan Province DISTRIBUTION OF DECAPOD CRUSTACEANS 199 (Boschi, 2000a, b) . On the other hand, the anomuran Pachycheles chubutensis was included in the antiboreal region (Gorny, 1999) , while this species is only present in the Argentinean Province (Boschi 2000a, b) . This interpretation of the distribution of species along the Argentinean coast is due to the use of "antiboreal regions" instead of "biogeographic provinces", whose distributional ranges overlap in this case (Boschi, 2000a, b) . Acha et al. (2004) recognised six marine zones that cover all neritic ecosystems of austral South America. The "Patagonian cold estuarine" zone encircles the tip of South America and connects both the Pacific and Atlantic oceans. The authors propose that the southward currents from Chiloé Island, reaching the cold estuarine front of Atlantic Patagonia and the Atlantic shelf-break front, could be a transport system for organisms into the Argentinean Magellan Province (Acha et al., 2004) . Several authors (Knox, 1960; Stuardo, 1964; Boschi, 1966 Boschi, , 1976 Boschi, , 1979a Boschi, , b, 2000a Boschi et al., 1981 Boschi et al., , 1992 argue that the faunas of southern Chile and southern Argentina are related. This is confirmed by our study and we conclude that there is little similarity between decapod species from the Antarctic and the Magellan Province, which is obviously the result of the impoverished Antarctic decapod fauna in general (Thatje and Arntz, 2004) . 
